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SENSOR DEVICE AND SYSTEM HAVING A
CONVEYOR AND A SENSOR DEVICE

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation of International Appli-
cation No. PCT/EP2008/001166, filed Feb. 15, 2008, which

designated the United States, and claims the benefit under 35
USC §119(a)-(d) of German Application Nos. 10 2007 011
221.3 filed Mar. 6, 2007 and 10 20077 013 299.0 filed Mar. 16,
2007, the entireties of which are incorporated herein by ret-
erence.

FIELD OF THE INVENTION

The mvention relates to a sensor device comprising sensor
means and an electronic unit for detecting moving objects, a
system having a conveyor for transporting objects, and a
sensor device.

BACKGROUND OF THE INVENTION

Industrial production devices frequently comprise robots
or machines that are supplied automatically with the material
to be processed via a conveyor. Such robots or machines
regularly constitute a danger area that is to be monitored with
the aid of safety devices. In this case, 1t 1s usually necessary
for the safety device to be capable of distinguishing the mate-
rial intlow to the robot or to the machine from persons whose
approach to the robot or the machine 1s not permaitted.

There are many solutions 1n the prior art where reference
objects and reference scenes are stored and 1t 1s possible
during the operation to establish any difiference of a current
scene from a reference. Some solutions store reference
objects whose approach to a danger area 1s permitted. By
contrast, others store the reference objects or scenes that can
lead to a dangerous situation and consequently require a
specific reaction of the machine or the robot.

German Laid Open Patent Application No. 44 11 448 Al
discloses a three-dimensional measuring device with the aid
of which 1t 1s possible to detect a contour function of an object
and compare 1t with a stored reference contour. A prescribed
reaction of the system can be mnstituted as a function of how
the measured contour matches or does not match a stored
contour.

The determination of a contour and 1ts matching with a
reference contour can never be carried out completely, since
every new object requires detection of a reference contour 1n
a learning process.

SUMMARY OF THE INVENTION

The mvention 1s based on the object of configuring the
monitoring of prescribed, 1n particular dangerous areas with
regard to people, for example, to be comparatively easier.

The invention firstly proceeds from a sensor device having,
a sensor arrangement for detecting moving objects that com-
prises sensor means and an electronic unit. The core of the
invention resides 1n the fact that the sensor arrangement 1s
designed to detect an object and to subsequently investigate
whether there are present within the surface of the object
regions that move at different speeds.

This mode of procedure 1s based on the finding that objects
and living beings, in particular people, have characteristic
movement patterns. Objects normally move with reference to
their surface with ahomogeneous speed or acceleration, inde-
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pendently of whether they are being transported with the aid
of a conveyor or are moving automatically. By contrast,
people cannot move without surface regions of the person
having different speeds and accelerations. For example, one
leg of a person moves, whereas the other will be standing on
a substratum. This difference 1n speeds or accelerations of the
object surface can be determined and used to distinguish an
object from a person and/or an animal 1n a comparatively
simple way. On the other hand, the detection of an accelera-
tion of the object can already be suflicient to assign such a
detection to a person. The point 1s that objects transported on
a conveyor do not normally accelerate as they approach. As
soon as an acceleration 1s detected, for example by a temporal
comparison of images of the object, a signal can be output.
The known possibilities can also be combined 1n order to be
able to undertake a differentiation of objects.

In another embodiment of the invention, the sensor
arrangement 1s designed to output a signal, 1n particular an
alarm signal in the event of the detection of various speeds
and/or accelerations for different regions within a surface of
an object when the speeds or accelerations differ by a prede-
termined amount. A further criterion can be taken as the size
of the region having a different speed or acceleration with
reference to the object surface visible to the sensor means. For
example, a region that has another speed or acceleration must
constitute in relation to the remaining object surface a mini-
mum proportion of the object surface visible to the sensor
means. It 1s concervable to fix the size of the region to greater
than 5%, in particular greater than 10%.

It 1s preferred, furthermore, when the sensor arrangement
1s designed to determine an 1image of the object with distances
from the object surface, that 1s to say a “distance map™. If a
plurality of such images are acquired one after another, it 1s
possible to use the difference 1n the 1mages, that 1s to say the
distances, to determine a speed or acceleration by relating the
individual differences to the running time. A speed map or
acceleration map of the relevant object surface can be deter-
mined therefrom. It 1s easy to determine from these data
regions on the object that have another speed or acceleration
by comparison with other regions of the object. 11 the ditfer-
ence 1n speed or acceleration exceeds a prescribed measure, 1t
1s possible to infer the movement of a living being, 1n particu-
lar a person.

In order to determine a speed 1image or acceleration image,
it 1s preferred to use a prescribed number of distance images
that are recorded one after another 1n time 1n such a way that
a new 1mage always replaces the oldest image of the pre-
scribed group, in order to determine therefrom the speed or
the acceleration of individual pixels, in particular. A current
speed or acceleration 1s thereby determined 1n a progressive
iteration.

Three images 1, 2 and 3 are used by way of example to
calculate the speed. A fourth image 1s used for the next step,
but the first 1image 1s no longer taken into account for the
renewed calculation of the speeds, but rather then the images
2, 3 and 4.

In another embodiment, the sensor means comprise a
single monitoring sensor, for example a 3D camera. Ditlerent
technologies can be used to determine a 3D image. For
example, a three-dimensional 1image of an object 1s deter-
mined by triangulation on the basis of two single stereo cam-
eras. Moreover, radar sensors or sensors that are based on
interferometry can be used. It 1s likewise concervable to use a
sensor that determines a distance from a point from the propa-
gation time or phase shift of a signal. For example, a sensor
can be used 1n the case of which an electromagnetic wave of
specific frequency 1s modulated onto a signal, 1t being pos-
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sible to determine a distance from the object from the phase
difference of the emitted modulated signal 1n relation to the
signal retroreflected by an object. This technology can also be
applied 1n a matrix camera such that a “distance 1image” of an
object can be produced.

In another embodiment of the invention, use 1s made of a
light curtain having a plurality of transmitters and receivers
that extends 1n the movement direction. An acceleration of an
object can thereby be acquired.

In order, for example, to avoid the possibility of persons
nevertheless reaching a danger area unobserved, because they
are covered by an article that 1s likewise approaching, it 1s
possible to use monitoring sensors, for example a plurality of
3D cameras.

By way of example, two 3D cameras are arranged such that
they have an overlapping observation area. In this case, the 3D
cameras are prelerably arranged opposite with reference to a
region to be monitored. It 1s possible thereby, by way of
example, to acquire the front side and the rear side, but also
the lateral regions of an article such that a person approaching
without authorization 1s not shaded by this article 1n such a
way as no longer to be acquired.

It 1s likewise possible to operate at different times. In
particular, the monitoring sensors, for example cameras, are
synchronized with one another 1n such a way that each camera
1s active 1n a predetermined “time window”. Mutual distur-
bances between the sensors can thereby be avoided. A mutual
influence can also be circumvented by having the sensors
operate at different frequencies. In the case of a 3D sensor that
evaluates a phase shift of modulated light, different frequen-
cies can be related to a carrier frequency or a modulation
frequency.

In order to prevent a person who 1s moving very slowly
from reaching the danger area, the detection of a slow move-
ment 1s preferably assigned to a person detection.

In another embodiment of the invention, correction means
are provided in order to be able at least approximately to
compensate speed ditferences and/or acceleration differences
of points 1n a plane at an object surface that moves in a
normally occurring preferred direction relative to the sensor
means. This mode of procedure 1s a basis for the fact that a
plane that 1s moving toward a camera does not have the same
speed and/or acceleration at all locations. A point lying on the
optical axis of the camera system moves more quickly toward
the camera than a point that 1s at a distance from the optical
axis. This dependence is preferably compensated. To this end,
a learning mode may be applied 1n order to establish the
transport direction and the speed of a conveyor. The transport
direction can serve to define a Cartesian coordinate system
that lies exactly in the transport direction. All recorded
images can then be transformed into this coordinate system,
something which simplifies the calculation of the speed or the
acceleration of object surfaces when the system 1s 1n the
regular observation mode. It 1s possible 1n this way also to
compensate the detection of an acceleration of points on an
object that 1s actually moving constantly for points that are at
a distance at right angles from the optical axis of the sensor
means and therefore have another acceleration than that in the
optical axis.

It 1s preferred, furthermore, when the sensor arrangement
1s designed 1n such a way that 1t 1s possible to qualily regions
having a different speed and/or acceleration on an object
surface with reference to known speed patterns and accelera-
tion patterns, respectively. It 1s thereby possible 1n principle,
for example, to essentially 1dentily objects and thus distin-
guish people from dogs that, 1f appropriate, are not permitted
to enter a region 1n contradistinction to people.
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In order, for example, to be able to detect a person sitting
still on a pallet who 1s approaching a danger area by a con-
veying device, 1t 1s advantageous when the sensor arrange-
ment 1s capable of detecting objects, by way of example with
the aid of contours, for example by means of curved lines. In
this case, however, this 1s codirected only 1n the case when
otherwise approaching objects have no curved lines.

In conjunction with a conveyor, it 1s preferred, besides,
when the conveyor moves nonuniformly. A person otherwise
standing still on the conveyor 1s thereby forced to carry out
compensation movements, the result being, once again, sur-
face patterns having different speeds that can be assigned
according to the invention to animals or a person.

In another embodiment of the invention, the sensor
arrangement 1s capable of detecting speed patterns and/or
acceleration patterns with the aid of one or more learning
runs. The sensor arrangement can have recourse to these
patterns in order to undertake a comparison with a current
speed or acceleration pattern. By way of example, 1t 1s thereby
possible to distinguish a person from an animal.

The point 1s that an animal 1s known from experience to
deliver a different pattern than a person.

Furthermore, 1t 1s preferred for the sensor arrangement to
be capable of hiding one or more prescribable subregions of
the detection region 1n order to output a signal. For example,
only specific “volume regions” are considered in three-di-
mensionally acquired space as a function of a speed or an
acceleration of an object.

In another embodiment of the mvention, the signal output
1s dependent on which position, which distance from the
camera, which movement direction, which speed and/or
which acceleration objects have. For example, 1t 1s possible to
dispense with a signal output 1n the case of a large distance of
an object or of a small distance of the object, and of compara-
tively low speed of the object.

An inventive sensor device can be applied 1n relation to a
danger area not only 1n the context of a conveyor system. It
will also be possible to control the access to a door or a gate
to the effect that only objects having a prescribed acceleration
and/or speed pattern are given access to a specific space or, 1n
general, that the approach or passage of a person 1s estab-
lished. It 1s possible thereby to control a door movement 1n a
way that the door does not close when the sensor device
establishes there are persons 1n the closing region of the door.

BRIEF DESCRIPTION OF THE DRAWINGS

A plurality of exemplary embodiments of the invention are
illustrated 1n the drawings and explained in more detail below
with 1ndication of further advantages and details.

FIG. 1 shows a robot cell with a conveying device for
bringing up articles, in a schematic plan view;

FIG. 2 shows a robot cell, corresponding to FIG. 1, with a
conveying device 1n the case of which a person instead of an
article moves toward the robot cell;

FIG. 3 shows 1n a schematic plan view a robot cell with a
conveying device that 1s monitored by two cameras instead of
one;

FIGS. 4 and 5 show the embodiment according to FIG. 3 1n
different operating states, likewise respectively in plan view;
and

FIG. 6 shows a further embodiment of a robot cell with a
conveying device and two monitoring cameras in a schematic
side view.
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DETAILED DESCRIPTION OF THE INVENTION

FIG. 1 shows a robot cell 2 1n front of which there 1s
arranged a conveyor belt 3 for supplying it with articles 7. The
robot cell 2 has an access area 2a that people may not pass as
long as a robot 25 1s active.

FI1G. 1 1llustrates a situation 1n which an article 7 1s being
transported on the conveyor belt 3 1n a danger area 4 of the
robot 26 over the access area 2a. A 3D camera 1 determines
the speed of the article 7. The 3D camera 1 comprises, for
example, an optical sensor which determines the distance
from an object optically by using the “time of flight” or, for
short, “TOF” method. Inthis case, light 1s emitted from a light
source onto which an oscillation 1s modulated. Moreover, a
sensor 1s provided with the aid of which the modulated light
can be acquired when it 1s retroretlected by a corresponding
surface. The distance from the object at which the light was
retroreflected can be determined from the phase difference of
the oscillation modulated on between the emitted and the
received reflected light. In order to enable a unique evalua-
tion, the wavelength of the oscillation modulated onto the
light should be greater than twice the distance from the object
at which the light is retroretlected. It 1s preferred to use a
sensor with a large number of pixels, 1 particular a matrix
sensor, that can produce a “distance image map” of the article
7. If a plurality of consecutively recorded distance images are
compared with one another and divided by the time, the speed
of the approaching article 7 can be determined with a resolu-
tion that permits the detection of differences 1n speed within
the surface of the article 7.

Since, however, the article 7 has a speed distribution of 1ts
surface 7a that 1s acquired by the 3D camera 1 and 1s substan-
tially homogeneous 1n accordance with a solid article, the
article 7 1s permitted to move into the danger area 4. In this
case, the robot 26 1n the robot cell 2 continues to operate.

Provided 1n front of the access area 2a, the mechanical
safety devices 6 that are used to prevent people from entering
the danger area 4 without the camera 1 being capable of
perceiving this.

FIG. 2 shows a situation in which a person 8 1s attempting,
to enter the danger area 4. With reference to the trunk, the 3D
camera 1 detects different speeds of legs 8a, 85 and arms 8c,
8d when the person 8 walks up.

The robot 25 1s prompted to cease dangerous actions on the
basis ol the inhomogeneous speed distribution by means of an
appropriate controller (not shown in the drawings).

The field of view of the respective single camera 1 1n FIGS.
1 and 2 1s provided with the reference symbol 3.

Two cameras 1', 1" are preferred when 1t 1s possible that a
person 8 may be hidden behind or 1n front of the article 7, and
access to the danger area 4 1s possible 1 this way. The two
cameras 1', 1" are advantageously installed 1n such a way that
the complete surface 7a of the article 7 can be monitored.
Every hidden person 8 who moves at the side of the article 7
1s therefore detected.

FIG. 3 shows a situation 1n which only an article 7 enters
the danger area 4, there being no person. With the robot
running, the article 7 1s not prevented from moving into the
danger area 4.

By contrast, FIGS. 4 and 5 1llustrate a situation 1n which a
person 8 1s located in front of or behind the article 7 and
wishes to enter the danger area 4 1n this way. However, at least
respectively one camera 1', 1" 1s capable of seeing the person
8 and appropriately 1dentifying the same, and so appropriate
measures may be instituted 1n the robot cell 2 before the
person enters.
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FIG. 6 shows an embodiment 1n a side view that can appear
in plan view just like the embodiments 1n accordance with
FIGS. 3 to 5, 1in the case of which the two cameras 1', 1"
cannot see. Monitoring fields 8', 5", which are also indicated
in FIGS. 3, 4 and 5, indeed intersect one another, but the
monitoring fields in each case do not include the other camera
1,1".

This has the advantage that opposite cameras 1', 1" do not
cause mutual disturbance when they are detecting because,
for example, the respective illumination of the camera comes
to be influenced. An adequate reliability of detection 1s
thereby ensured for the respective camera.

Since, unlike 1n known embodiments, people are not
detected by their shape or contour, but are detected by ana-
lyzing a speed distribution that can be determined with com-
parative ease with aid of a 3D camera, this results in a com-
paratively simple and reliable system. However, this 1s also
due to the fact that in determiming a speed distribution detec-
tion 1s not influenced by the clothing, hats or baggage that the
person 1s wearing or carrying along.

The use of two cameras prevents “viewing shadows”, and
so 1t 1s reliably possible to prevent a person from entering the
danger area of the robot or of the machine while hidden by an
article.

LIST OF REFERENCE SYMBOLS

1 3D camera

1' 3D camera

1" 3D camera

2 Robot cell

2a Access area

26 Robot

3 Conveyor belt

4 Danger area

5 Field of view of the camera

5' Field of view of the camera
5" Field of view of the camera
6 Safety device

7 Article

7a Surface

38 Person

8a Leg
86 Leg

8c Arm
8d Arm

We claim:

1. A sensor device having a sensor arrangement for detect-
ing moving objects, said device comprising a sensor and an
clectronic unit, wherein the sensor arrangement detects an
object and subsequently investigates whether there are
present within a surface of the object regions that move at
least at one of a different speed and a different acceleration.

2. The sensor device of claim 1, wherein the sensor
arrangement detects an object and subsequently investigates
whether the object 1s accelerating.

3. The device of claim 1, wherein the sensor arrangement
outputs a signal when 1t detects a difference 1n at least one of
speed and acceleration of regions of the object that exceeds a
predetermined value.

4. The device of claim 1, wherein the sensor arrangement
determines an 1image of the object with distances from the
object surface.

5. The device of claim 1, wherein the sensor arrangement
intercompares distance 1mages recorded by the sensor 1n
order to find regions of an object surface that have at least one
of different speeds and accelerations.
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6. The device of claim 1, wherein the sensor arrangement
determines distance differences from a comparison of dis-
tance 1mages, and determines at least one of a speed 1mage
and an acceleration image of the object by reference to a time
scale.

7. The device of claim 1, wherein a prescribed number of
distance 1images are used iteratively by the sensor arrange-
ment 1 order to determine at least one of a speed 1image and
an acceleration 1mage.

8. The device of claim 1, wherein the sensor comprises a
single monitoring sensor.

9. The device of claim 8, wherein the monitoring sensor 1s
a 3D camera.

10. The device of claim 1, wherein the sensor comprises a
plurality of monitoring sensors.

11. The device of claim 10, wherein the plurality of moni-
toring sensors are arranged such that they have an overlapping
observation region.

12. The device of claim 10, wherein the plurality of moni-
toring sensors are positioned 1n such a way that the sensors are
not mutually visible.

13. The device of claim 10, wherein the monitoring sensors
are arranged opposite with reference to a region to be moni-
tored.

14. The device of claim 10, wherein the monitoring sensors
operate at different detection frequencies.

15. The device of claim 10, wherein the monitoring sensors
are active 1n different time 1ntervals.
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16. The device of claim 1, further comprising correction
means to at least approximately compensate at least one of
speed differences and acceleration differences of points on a
known surface form, in particular 1n a plane at an object
surface that moves 1n a customary movement direction rela-
tive to the sensor.

17. The device of claim 1, wherein the sensor arrangement
qualifies regions having at least one of different speeds and
different accelerations on an object surface with reference to
known speed patterns and acceleration patterns, respectively.

18. The device of claim 1, wherein the sensor arrangement
identifies objects.

19. The device of claim 1, wherein the sensor arrangement
detects at least one of speed patterns and acceleration patterns
based on at least one learning run.

20. The device of claim 1, wherein the sensor arrangement
shields at least one prescribable subregion of the detection
region in order to determine signals.

21. The device of claim 1, wherein the sensor arrangement
outputs a signal, the type of whichis dependent on atleast one
of the position, the distance from the camera, the movement
direction, the speed and the acceleration of the object.

22. A system having a conveying device for transporting an
object and a sensor device as claimed 1n claim 1.

23. The system of claim 22, wherein the conveying device
causes a nonumform movement of the object.
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